o CHAPTER 7 ¢
MORE ABOUT
FORCES

NEWTON'S LAWS CAN BE THOUGHT of

i
v?.‘éhlrfgs 5? r AG DESCRIBING WHAT FORCES DO:
ol WITHOUT ANY FORCES, OBJECTS

® MMNTMN CoNSTANT yELOUTY.

2o b FoRCE PRODUCES A ACCELERATON
PROPORTIONAL To THE FOR(E (AND
INVERSELY PROYORTIONAL To THE
MAS5.)

3‘, OBJECTS EXERT EQUAL BOT
0Peosite FORCES ON EACH )

OTHER-

FORCE 15 A “"VECTOR QUANT!T‘j." Like VELOCITY AND A((ELERA'HON,
IT uhs NoT ONYY A MAGNITUPE BuT ALso A DIRECTION. I
THIS PILTURE, FORCES PULL IN SEVERAL DIFFERENT DIRECTIONS.




BuT IN THIS {ASE, THE SUM
OF ALL THE FORCES, THE
NBT FORCE, |5 ZERO,
BECAUSE THE MASS 16 NOT
ACCELERATING. (NEWTONS
4ECOND LAW AGAINY)

CONSIDER THE
FORCES ON A
SKIER MOVINO
DOWN A WLL

AT CONGTANT
LpgeD. THERE ARE
HER WEIGHT, THE
4UPpoRT OF

THE GROUND,
ANp THE

FORCE OF
FRICTION . BUT
AGKRIN, THE
TOTAL Force
MysT BE

ZER0.

WEIGKT

FRCTON

z

Do You SEC
Wi THESE

Forces WD
To 2€R07

5%




| NON IMAGINE A TUG OF WAR IN WRICH EACH TEAM PULLS

WITH A FORCE OF 980 NEWTONS., WHAT 1S THE TENSION
IN THE ROPE? 'S \T 2x 380 = (96O NEWTONS ?

THE TENSION 16 DEFINED AS THE VALUE A SPRING 5CALE Woyld
READ IF THE ROPE WERE CUT AND THE SCALE INSERTED:

You MIGHT WANT TO ¢ THE MA%5 PULLS DOWN ON THE
CoMPARE THIS SITUATION  ©  GCALE WITH A FORCE OF
To WeIGHING A 100-kg 080 NEWTONS, 50 THE SCALE
MASS WITH A SPRING © PULLS UP ON THE MASS WITH
SCALE- THe MAs% HAS A 1 Tue SAME FORCE. THEN TUE
WE{GHT OF 980 NEWTONS & &epre ALso PULLS DOWN ON

: :  THE CEILING, AND TnE CEILING
t;;ué BACK wiTi 980 NEWToWs

980»

E eu.n'b
1 o
MASS

fokCes
Ok THE
SCALE:
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|N EFFECT, THE STRING i
TRANSITS THE s \‘?l L4 [z
FORCE TROM THE

MASS THROUGOW THE 9

SCALE TO THE CEILING.  JORCES e
THE MASS AND THE A

STRING PuLL ON EAcit

OTHER EQUALLY, BY

NEWTON'S THIRD LAW,
AND THE TENSION OV
THE STRING - THE SCNE
READING—|S 9GO0
NEWTONS .

{ DOES THIS CONVINGE You THAT THE TENSION IN THE Tue—or-wm\
Rore 15 ALSE 980 NEWTNE ?  THE RoPE TRANSMYTS THE

FORCE FROM ONg TEAM TO THE OTHER-

IF You TiED

ONg END OF

THE ROPE To

A PoST, AND
BoTk TEAMS
tiLed ToCeTHER,
TieN THe
TENSION (NOULD
BE DouBiep!



ONG FORCE THAT WE ENCoUNTER
EVERY DM 1S FRICTION. IF
You PUSH k BpoK ACROS THE
TABLE ) You FIND THAT FRICTION
REGISTS, WHATEVER DIRECT(ON
JOU PUSH. IF You START PUSHING
GENTLY, YOU'LL FIND THAT THE
FRICTION FORCE 15 VARIABLE -

IT RESISTS To A

POINT, AND Then
BREAKS FRee!

s

CAN You FEEL THAT FRICTION DECREASES SLIGKTLY AS THE
BooK STARTS To MOVEZ Wg spy THAT THE TATIC Fricriok,
WHEN THE SURFACES ARE STATIONARY, VARIES (P T0 A MAKIMUM
VALUE. THE KINETIC FRICTION, WHEN THEY ARE MOVING, 15
LESS TUAN THE MAXIMUM STATIC FRICTON- THATS WHY A

ZKIDDING CAR TAKeS LONGER TO 4TOP THAN ONE WHOSE
WHEELS ARE ROLLING. \

SKIPDING TIRE SLOWED RoTATING TIRES POINT OF
8Y KINETIC FRILTION CONTACT (S MOMENTARILY
" STATIoNARY (1), 40 THE TIRE
16 SLOWED BY STATIC FRICTION.
°7



- ANOTHER EXAMPLE OF FRICTION
Sl 15 MR ERICTION.

You CAN FEEL
\T BY STICKING
Your KAND

AN EXCITING WAY To EXPERIENCE AR FRICTION
1& T0 60 SKYDIVING.  WHEN Y0u FIRST JUMP,
THE ONLY FORCE ON You 16 GRANITY, AND
Yol ACCELERATE AT A RiTE 6F G-

AS You PIck UP SPEED, AR
FRICTION INCRENSES, AND
MOUR ACCELERATION 4LOWS.

EVENTUALLY, AT 100-150 MrH,
THE MR FRICTION EQUALS MOur
WEIGHT, AND YOUR SPEED
INCREASES NO FURTHER. WE
CALL THIS NNTURAL SPEED LIMIT

ook TERMINAL
VELOEITY.

AR FRICTION M50 DEPENDS ON THE
AREA “FRONTING THE WIND," WiCH
16 WHY A PARACHUTE CAN Slow
YoUR TERMINAL VELOCITY TO
35 MPHk OR 50-

6e




O RECALL THE ACCELEROMETER BALL WE
HUNG FROM RINGD's RoLl BAR? 1T WANGS
! R E &‘Hm.dlgwno WHEN HE ACCELERATES, BUT

Titan “"l““r-lI“'”"”Im"I!]]"l”llll,‘ll'
A

| l(T T 0
lelm J!.-uﬂﬁnuﬂm\‘“\\luu’ |

I

e R A Nachiesh St

BALL: GRANITY, WHICH T !'Accc'we\g:x%on \Sotyc%'

E\X%T gggwrv:’uvh #Mn'ﬂ PUSKNG EVERYTHING
P WAROS !

e TG T o ThE PRGETE

GIRING. WHEN RINGO @ -

NCCELERATES, TyE -

ToTAL OF THESE Two ma

MUST POINT FORWARD

WiTH MAGNITUDE

md, BY NEWTON'S

e A

véT
BT AN ANGLE- "9

BUT THERE |5 NOTHING ALL THE SIDERPNIS AND BACK- AND- FORTH
DOING THE PUGUING. THE FoR(g5 You L%uuu.& DR\QAS&FO}\Z«;
FORCE" 15 FICTITIOUS , N EACTTIOUS, THE RESULT OF YoUR INERTIA
EFeeCT OF INERTIA RESISTING ACCELERATION .

RESISTING THE CAR'S
ACCELERPTION .




\

WHEN | SWING A BALL
ON A STRING, AROUND
My READ, MpNY PEOPLE
WOULD SPY THAT
"CENTRIUGAL FORCE"
KEEPS THE STRING
TAUT. BUT THERE 1S
ACTUALLY NO FORCE
PULLING THE BALL OuT:
THERE 15 NOTHING oJT
THERE PULLING THE
BALL!

"CENTRIFUGAL FORCE" 1s
ACTITIOUS ! Tre OMY
FORCE PULLING ON THE ghLL
16 TUAT OF THE STRING,
PULLING TOWMRD THE CENTER
OF ThE CIRCLE — A
CENTRIPETAL vorce.
T YoRCE 15 NON-2ERO;
50 THE BALL MLST
BC ACCELERKTING -

AND INDEED \T 121 1T 16 ACCELERBTING
TowhRDS THE CONTER OF THE CIRCLE, AS
ALV DBJECTS IN CIRCULAR MOTION DO -

WWAT KEEPS TE STRING TMUT? Te BALL'S
INERTIA. THS INERTA Would MAKE \T
P TANGENTIMLLY Bwhy, BUT THE STRING
LS T CoNTINUALLY [NWARD — JUST LIKE THE
CORTH ULLING THE MOON IN k CIRCULAR ORBIT.

b0



(Av AMUYSEMENT
PARK OFFERS
SEVERAL FICTITIOUS
FORCES. LOOK AT

AR OORE
PEOPLE ENTER A
CYLINDER, WHICH
ROTATES, PRESSING
THEM AGAINST
THE WALL —THEN
THE FLOOR
DRoPS AWMY,
LEAVING THem
PINNED To

THE WALL!

T

THE PEOPLE INSIOE THE RoToR FEEL

THE FILTIMOUS CENTRIFUGAL
FORCE PUSHING THEM OUTWARD.
BUT OUTSDE OBSERVERS KNOW
TUERE 15 oNLYy M CENTRIPETAL
FORCE FRoM TWE WALL, PusHING
THE RIDERS INWARD INTO
CIRCULAR MOTION.

2N
Seaw
D%

A
SN
A
S\ |
<

D

EOURST TE, SS X

;
"Nt

X e
SO

-5
>
AV

g
X
AAb ey

A ieneva
3

AN

\ A
AR D

5
TR T

TN
AN

&' 3

..
L)
A

WA AL

VALR B AT

=

RS

A S
LAY\

N

..
B R

L '.;\ P 3 )
7 »
)

él

IN AN ACCELERATING
SYSTEM (ROTATING Here)
FICTITIovS FoRCES
APPEAR. M NON-
ACCELERATING OBSERVER
CAN DESCRIBE THE
MOTION WiTH REAL
FORCES AND NEWTON'S
Lpwg,



WE SEE SucH A VARIETY OF FORCES, THAT IT MY SEEM HOPELESS
'“E'Tgﬁ M‘D“OQMXNW.E TUEM. NEVERTUELESS, PHYZICISTH UNNE
BEEN MBLE To SHOW TUAT Al THE KNOWN EFFECTS [N

THE UNWERSE ARE THE RESULT OF THESE

= |

| |ELECTROMAGNETISIM (THE
A'(\:TERA(.TION 3 RE?uTc.w oF

4L BASIC EORGES:

CRANVITY 2

ELECTRICALLY CHARGED BODIES):

THE STRONG YoRCE HOLDING THE
KTOMIC NUCLEVS TOGETHER :

BY THE WAY, THE ONLY ONE OF THE BASIC FORCBS 4ouVE EVER FELT 15

ELECTROMAGNETISMY  WHEN You PUSH THE WALL (AND it

PUSHES BACK) YoURE FEELING ELECTRIC RERILSON BETWEEN

ATOMS. You WUANE NEVER FELT GRAVITY —ONLY THE

E‘@Eﬁ\m FORCES OF THE FLOOR TWAT SUPPORT You ROMNTT
Y.

— & REN ORAY

. LONE AcTS,
W

You ARE N
FREE PALL,

ll MD you per
: NO FORCE;g
y @ REMEMBER?
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THE "CENTRIPVGAL FORCE™
RESEMBLES GRAVITY IN TuhT
IT PROpUCES MCCELERKTIONS
INDEPENDENT OF THE
MPSSES INVOLVED. THATS
WHY WE CAN SIMULATE
GRMITY WITH Tiis BlG
CENTRIFUGE USED IN
NSTRONMIT TRMNING

=

Solepky, WE MM EVEN QLD
A ROTATING SPACE STATION
Witk THE “CeNTRIFUGAL
FORCE" PROVIDING AV
ART\FICIAL. GRNVITY.

SLoW IT
pOWN! ‘M
TRYING To
LoSE \NEI6HT.
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- 2 CUAPTER § ¢

HONENTURECINRYISE

LET'$ 60 BACK TO )
NEWTON'S SECOND LW L o
o O FORCE =

NCCERMON I T mes x (time rate c;F

W o e change of velocity
THE EQUATION S .

BUT NEWTON BELIEVED THE CORRECT EQUKTION SHoulD BE :

FORCE=
time rate of change of (mass x velocity).
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WE CpLL THE QUANTITY

MASS ¥ NELOCITY THE HOW MuCH *
- TIME D

HOMENTUM. (Eiw) <

THE EQUATION SAYS THAT ;

FORCE DEPENDS ON THE RATE : Y

OF CHANGE OF MOMENTUM.

WOBJECT WITH SMALL
Mas5 M MODERATE SPEED,
LIKE b RUNMUI 2pBY
CARRIAGE, HAS ONU
MODERATE MOMENTUM.

IT DOESN'T REQUIRE MU
FORCE To CHANGE TS5
MOMENTUM TO ZERO
(L€, To 510 tT).

A RUNMNY MACK TRUL,
ON THE OTHER HAND..:

Ao Rov6HLY THe
MOMENTUM OF A
BMeY CARRINGE

GoING A M\LLION
MILE> AN HouR !




LET' THINK FOR A MOMENT ABOUT
THE PERIOD OF TIME \T TAKES
To 4LoW THE TRUCK T Z€RO.
OUR EQULATION 5+

FORCE » RATE OF CHMNGE OF
MOMENTUM

oR
CHANGE [N MOMENTUM

FoRCe = ——
oR
E ¥ TIME = CHANGE {N
i “ Mo ﬂeNTUM

you COULD 5top THE RUNAWM TRUCK
WITH YOUR RELATIVELY PUNY PoRcE—
IF ‘ou EXERT IT OVER B
LONG PCRioD OF TIME.

stol Down
SLow ppuw

SLO0W Dowin
Stow
ooul

- e

ﬁ.\* >

< S WE ChLL TRE QUANTITY
g FORCE x TIME THE
k P IMPULSE.

s0. INPULSE = CHANGE oF MOMENTUM.

A SMALL FORCE OVER A LONG PERIOD OF TIME
CDN PRODUCE THE SAME CHANGE IN MOMENTUM
Ao A LARGE FORCE OVER A SHORT PeriOD

OF TIME-
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USUALLY WE THINK OF
IMPULSE AS A LARGE
FORCE ACTING OVER A
SHORT TIME, LIKE A
BAT RITTING A BALL.

THE BATTERS JoB (¢ TO
CHANGE THE BALLS
MOMENTUM FROM MEDIUM
IN ONE DIRECTION TO
HIGH IN THE QPP SITE
DIRECTION. SINCE THE
BXT MEETS THE BALL
FOR ONLY h 4PLIT
SECOND, THE FoRce
MUST Be VERY LARGE.

To MINIMIZE THE

FORCE NEEDED ToO
CHANGE MOMENTUM. A
SKYDIVER, EVEN WiTk A
PARACRUTE, STILL HiTS

THE GROUND WITH
MODERATE MOMENTUM.

gommes WE WANT

 |PSHE LANDS WITR
KNERS LOZKED, HER
MOMENTUM DROPS
To ZERO SUWDENLY-
bk TEELS WUGE

FORCES [N HER
Lees! ow!

BETTER TO DO \T WITH KNEES
BgNT, ROLLING To PROLONG THE
TiME OF IMPACT,
REPUCING THE
FORCES.

6



[ CONSERTATION oF
MOMENTOM

LeTs Look For M
MN\NUTE Kt COLLISIONS
AND EXPLOSIONS. BY - ] —
THIS WE MERN pNY . : A
SITUATION WHERE
THINGS ARE COMING

TOBETHER 0R
PLYING NPART. e

CoLLISION ABOUT To HAPPEN

EXpLOSION AROUT
To WAPPEN

3 y

FoR EXAMPLE, CONSIDER SHOOTING A GUN. THIS 15 AN EXPLOSION,

IN THE CENERAL SENSE THUAT THE BULLET GOES ONE WAY AND THE

Té;\g ARGUMENT, THAT THE BULLET IS5 EJECTED BY MEANS OF A
NG *

Bibm o SMALL M
SMALL V @E = f6 v

WHEN THE SPRING 15 RELERSED, IT EXERTS A FORCE ON THE BULLET
BY NEWTON'S THIRD LAW, THE BULLET EXERTS AN EQUAL BUT
OPPOSATE FORCE ON THE <PRING/GUS SUSTEM. THESE Forces
PROPUCE EQUAL BUT OFPOLITE CHANGES [N MOMENTUM. SINCE Tig
GUN 15 MORE MASSWE THAN THE BULLET, T RECOILS AT A
VELOC'TY MUCH SMALLER THAN THE BULLET'S VELoUTY,

o8



ﬂ;ms (A6, TUERE 1\
WAS NO NET CHUANGE W

MOMENTUM . \F THE GUWN

AND BULLET WERE [MTALY

kr REST, THE MOMENTUM

WA ZERO KT FRST.
5INCE THE SPRING RELEASE r/F —_
ANGE THE
PiD NoT dW TH -

TOTAL MOMENTUM , THE v
FIMY. MOMENTUM 16 o Viatlet
AL50 Z2ERD* THE BULLET ToTAL MOMENTOM 16 THE

AND GUN UWE BEQUAL LMAC BEFORG NID AFTER FIRING
LP‘ND OY0SITE MOMENTVM - J
THEN =

MO'AEH"WM ~ AR ") MOMETUM MoMeNTus
Momm"" ‘ ou TWwo
\PTERE‘:T'I 15 DENTH? OEN-NN e
AND MOMENTUM?

¢ % S

AFTER A LITTLE DIseus5ioN, SCIENTISTS
POUND K PROPERLY SCIENTIFIC WhY T
54, “MOMENTUM DOBSN'T CHANGE

MOMENTUM 1§




CONSERVATION OF MOMENTUM (5 A CONSEQUENCE OF NEWTON'S
THIRD LAW. CONSIDER A FLYING PROJECTILE TUAT EXPLODES
INTO SEVERAL PIECES, LIKE Tels MULTIRLE- NARKEAD MISSILE :

’ g
Ny, 0
LEE IRl o
1. 2 N, Q
Q

THE FoRCEs BETWEEN THe Pieces we ohLl INTERNAL forces,
(THERE MY ALSD BE EXTERNAL FORCED, SUCH AS GRAVITY.)

BY NEWTON'S THIRD LAW, THE INTERNAL FORCES ACT IN EGHAL
BUT OPPOSITE PAIRS. ANY FORCE ON ONE PIECE 1o OFFSET BY

AN EQUAL AND OPPOSITE FORCE ON ANOTHER PIECE.

o &
> Y THESE FoRCES
it Ve kBT
@ u)u:) @ QM ZGR‘O. P To
Q A
Y

THEREFORE, TE INTERNAL Forces Cpn PRopuce @ NET

CHANGE v MOMEBNTTUIM, EXTLoSions

CONGERVE MOMENTUM.
WARs!®
=T B e =

THE SAME ARGUMENT  HOLDS FOR COLLISIONS, WHICH MIGHT
BE CALLEp EXPLOSIONS |N REVERSE.

70



WE USED M ROCKET TO ILLUSTRATE NEWTON’S THIRD LAW, AND IT
AL9O ILLUSTRATES CONSERVATION OF MOMENTUM. TO ACCELERATE
IV SPACE, MoU MUST EJECT SOMETRING THE OTHER WAY —
NAMELY, THE EXHAVST BASES. \F (M SPACEWALKING, AND N
PROPELLANT 44jsTEMS FAIL, HOW (M | GET BACK? BY THRoWNG
SOMETHING, SN ONE CF MY TODLS, [N THE OFPOSITE DIRECTION.

(- )
\WILL THE FAN BLOWING _

ON THE SPIL MONE
TS SMLBONT? ol
(NoT UNLESS SOME oF
THE WIND FRoM THE
FAN MISSES THE SPIC,
OR BOUNCES ofFF LT
OUT THE OTHER WM.

SoMETHING MUST Move Awhy FROM THE SMLBOAT ONE WY FOR

\T T0 86 sHep THE OTHER WhY.
TUROW our
D e .
71




MOMENTUM CONSERVATION WRS PIRST DER(VED FROM
NEWTON'S TuiRD LAW. BUT WE HAE CoME To BELIGVE
TUAT CONSERUATION OF MOMENTUM |5 THE MORE
FUNDAMENTAL LAW, PND NEWTON'S LPW 15 A CONSEQUENG
OF IT. IN AW CLOSED 44STEM | By DEFINITON, THERE
PRE NO EXTERNAL FORCES, 40 MOMENTUM (4

CoNseRED.

(_j

< (2 O™
/\ {\Q\jbf\\ 9

=
NS

T4 16 TRUE OF ThHe

oNwERse s A wrote. (

THERE ARE 0uDV4LY ND )
EXTERNML FORCES OV THE

U \\I RSE I TS Ti
oL el
15 CONSTANT »
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